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 学 位 論 文 の 要 旨 
 
 
 Kinetic Study of Denitrification and Hydrogen Production from NH3/H2O over 
Ni-loaded Catalysts（Ni 担持触媒を用いた NH3/H2O からの脱窒水素製造の速度論的研
究） 
 
             





















第 3 章では、種々の多孔質 SiO2担体を用いて、触媒細孔における物質移動が活性に与える影響を評
価した。細孔径が約 14nmの触媒では、それ以上の細孔を持つ触媒に比べて活性化エネルギーの低下が
















This thesis evaluated the kinetics of Ni-loaded catalysts under the conditions where uniform 
temperature distribution can be assumed, and estimated the influences of pore diffusion regime on kinetics of 
Ni catalysts. The obtained insights in this thesis should be useful to design the NH3 decomposition reactor 
and its catalysts. Furthermore, to demonstrate the hydrogen production and denitrification from 
ammonium-nitrogen in wastewater, NH3 decomposition behavior with co-existing steam was observed. The 
experimental results show that –OH adsorption and the formation of complex oxides of Ni with support 
material may decrease the NH3 decomposition rate. Exploring the most active catalysts, it is found that SiO2 
has the highest support effects, and wet-NH3 via Ni/SiO2 was decomposed perfectly below 150 mL min-1 
gcat-1 at 923 K. 
In Chapter 2 and 3 the heat and mass transfer in the catalyst bed and kinetics were figured out. In 
Chapter 2, dry-NH3 decomposition via Ni/SiO2 catalysts was conducted with various gas velocity to 
investigate the effects of temperature distribution in the bed. Although kinetics constants, k for > 80,000 h-1 
was almost constant, those for < 80,000 h-1 decreased as gas velocity decreased. From the numerical 
calculations it is concluded that the cold spot formation with lower gas velocity decreases the total 
conversion of catalysts bed. At more than 80,000 h-1 of the gas velocity, the variation of the temperature 
distribution for Tr = 973 K was less than ±10 K, and those below 923 K was less than ±5 K: in these 
conditions the influences can be eliminated to evaluate certain kinetic constants. 
In Chapter 3, diffusion regime in Ni/SiO2 with different mean pore diameter were evaluated. The 
mean pore diameter was varied from 7.7 to 34.8 nm. From the evaluation of Knudsen number for pore 
diffusion and kinetics for Ni/SiO2 catalysts, it is found that, above 923 K, the catalytic activities Ni/SiO2 with 
7.7 nm of mean pore diameter increased due to strong diffusion resistance derived from Knudsen diffusion. 
In Chapter 4, the support effects of various ceramic particles were investigated in the view point of 
kinetics of dry-NH3 decomposition. From the results of NH3 conversion change against NH3 gas hourly 
space velocity (GHSV), support effects for NH3 decomposition were ranked in the order of γ-Al2O3 > MgO = 
La2O3 = ZrO2 > TiO2 (rutile form) > SiO2 > TiO2 (anatase form) > Mordenite with the temperatures ranged from 
773 to 973 K. It is considered that γ-Al2O3 has the most effective support due to its high basicity. On the other 
hand, moredenite decreased activity of Ni because it was a solid base. 
Previous chapter showed that Ni/γ-Al2O3 is the most active catalysts for dry-NH3 decomposition. Thus, 
in Chapter 5, decomposition of wet-NH3 with 0.8 kPa of steam partial pressure via this catalyst was conducted. 
Although steam deactivation was observed, the results showed verifying the partial but stable decomposition of 
wet-NH3 decomposition was succeeded. From the XRD analysis and thermochemical equilibrium calculations, 
it is considered that diffusion of Ni and O atoms into γ-Al2O3 phase and NiAl2O4 formation decreased the 
conversion over Ni/γ-Al2O3 catalyst. 
In Chapter 6, to achieve the perfect decomposition of wet-NH3, the most effective catalyst for 
wet-NH3 decomposition was explored. It was found that SiO2 support could inhibit the steam deactivation. 
Ni/SiO2 catalyst can decompose wet-NH3 perfectly at 923 K and 150 mL min-1 gcat-1 of NH3 flow rate. The 
kinetic study for dry- and wet-NH3 via Ni/SiO2 decomposition was carried out. The frequency factor of 
wet-NH3 decomposition was lower than that of dry-NH3. This is because of the adsorption of hydroxyl group. 
The activation energy of wet-NH3 decomposition was also lower than that of dry-NH3. Adsorption of 
hydroxyl group was occurred preferentially on the outer surface, and it is considered that contribution of Ni 
nanoparticles in inmost pore for NH3 decomposition should increase. The diffusion resistance in pore 
decreased the apparent activation energy along with adsorption of –OH. 
 
 
 
 
 
 
 
